Effect of convection modeling on non-adiabatic
seismic observables of d Scuti stars
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ABSTRACT:. Pulsation frequencies in dScuti stars do not fall in the asymptotic domain, therefore, in order to identify the pulsation modes and to be able to compare
with theoretical models, multi-band photometric methods are used. Theoretical photometric amplitude ratios and phase differences in photometric color bands
depend, however, on the convection treatment in surface stellar layers. On the other hand, the accurate determination of the eigenfunctions in these layers
requires the use of a non-adiabatic description including also the whole atmosphere. In this poster we present the results of applying the non-adiabatic analysis
by Dupret et al. (2003) to stellar models computed with the Canuto et al. (1996) (CGM) treatment of convection in the interior and in the atmosphere. We
determine the amplitude ratios and phase difference between different photometric passband in & Scuti stars, and compare the results obtained with CGM
treatment and with the Mixing-Length Theory. The comparison with observations allows the identification of degree ¢ of the modes and provides constraints on
the surface convection properties.

EQUILIBRIUM MODELS

The stellar models were computed by using

the evolution code ATON3.0

(D"Antona et al. 2005) . All the results corresponds to 1.8Me models.

Convection treatment:

I MLT (Bohm-Vitense 1958) a = 0.1, 0.3, 0.5, 0.7 and 1.75

| FST (Canuto et al. 1996) B = 0.09

Atmosphere models and surface boundary conditions:

NEMO atmosphere models (Heiter et al. 2002)

| MLT a=0.5
| FST B =0.09

For a given stellar mass and
chemical composition, the HRD
location of a typical dScuti star is
not affected by the treatment of the
non-adiabatic convection layers.
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All the Main Sequence models,
FST and MLT, considered here
occupy the same position
in the theoretical HRD.
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The temperature gradients
.1) and the energy fraction

transported by convection (Fig.2)

nevertheless affected by the

convection treatment.

The differences between FST and
MLT(a=0.5) have not observable
effect on the stellar spectrum
(Heiter et al. 2002)

BUT they affect the non-adiabatic
amplitudes and phase-lags of

&Scuti pulsations

A produced by a stellar
pulsation with spherical harmonic degree / and angular frequency O is:
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(e.g. Watson 1988)
| The quantities ara, Bra, Oga and By are determined by the atmosphere structure.

Eq.1

NON-ADIABATIC ANALYSIS

*The stellar structure of the equilibrium
model is extended by matching the
atmosphere structure (from T=Tp, up to
T=10*) obtained by interpolation in the
corresponding MLT or FST grid of
atmosphere models. T;n=10 except when
Qwr#0.5, in that case Tpn=1 to be sure that
we are in the radiative atmosphere,

*The non-adiabatic analysis of this extended
model by means of the code MAD (Dupret et al.
2003) provide two quantities: )

Y : Phase lag between the local variation of effective
temperature and radial displacement. This quantity is
very sensitive to temperature gradients.
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The mean temperature gradient of the FST model 10
is in between the temperature gradients for MLT
models with a=0.1 and 0=0.3.

Since different pulsation modes probe different /
stellar layers =» phase-lags from different modes L .
probes temperature gradients at different depths. g T °
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In these computations we use the values calculated by Barban et al. (2003) for atmosphere

models used here.

| amn, Bradepend on the temperature gradients, on the photometric band, and also on £

Photometric amplitude ratio
and phase-lag for u and v
(left) and b and y (right)
Stromgren bandpass.

| FST models with FST
color transformation

[0 MLT a=0.5 models with
MLT a=0.5 color
transformation

X MLT a=0.5 models with
FST color transformation
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CONCLUSIONS

® The non-adiabatic behavior of the FST models is not equivalent to a the
MLT with a only o parameter value. Neither through the star (Fig.1) nor long
the MS evolution (Fig.5). At high Te , FST is close to a=1 and as Test
decreases, FST goes closer to a=0.3. This change of behavior occurs at ~
6800K, the Teif at which FST convection region becomes suddenly deeper.

@ In spite of the dependence of Eqg.1 on the convection treatment, the
classical diagrams, amplitude ratio vs. phase differences, allow to identify the
degree £ even so. Furthermore, the typical photometric precision would
allow, in principle to discriminate between different convection treatments.

® Phase differences between 2 photometric bands are mainly sensitive to
Wr, and therefore to the temperature gradient in the Hydrogen Convective
Zone (Fig.6).

® The amplitude ratios, on the other hand, depends on both, the
atmosphere models (through limb-darkening functions used in eq.1) and on
the non-adiabatic quantities fr and W+ (Fig.6)




